The field experiment was carried out at The Experimental Station of Plant Varieties Protection in Szczecin Dąbie. The experiment aimed at evaluating the influence of slurry with and without increasing doses of PRP FIX preparation on some soil fertility indicators after test plants harvest. The contents of determined macronutrients in the soil were higher in objects where slurry was applied with addition of 8 kg or 12 kg of PRP FIX per 1 m 3 as compared to those with exclusively mineral fertilization or slurry. The soil after test plants harvest contained more N, Corg., P, K, Mg, Ca, S, and available forms of P, K, Mg and SO 3 , in relation to levels before experiment establishment. In general, more soil fertility indicators were recorded in objects treated with the slurry along with PRP FIX preparation and additional PK nutrition (series II) as compared to series I. Differences in macronutrients in the soil due to the fertilization system applied were diverse, however, they not always were significant.
INTRODUCTION
The existing environmental legislation has imposed the obligation on producers to manage natural fertilizers, including manure and slurry. It has been shown to date that swine manure is characterized by natural acidity, small amount of dry matter, and significantly higher nitrogen and potassium contents in relation to phosphorus [Filipek 2006] . It was found that slurry introduced into the light soils at optimal doses contributed to the increase in organic matter, organic carbon, macronutrient contents and enzymatic activity [Renell et al. 2007 , Nartclift et al. 2002 , TrasarCepedo et al. 2008 , Yang 2008 . Incorrect storage and use of slurry in spring, summer and autumn can lead to contamination of the environment (soil, atmosphere and water) and contribute to a decrease in the quality of crop yields. In addition, intensive and long-term fertilization of soils using slurry may also adversely affect the physical and phyto-sanitary properties, cause the groundwater salinity and negatively impact the environment [Mazur and Gorlach 2001] . Slurry is a fertilizer that, when stored and used, emits unpleasant odors [Blanes-Vidal et al. 2008, Hofmann and et. 2010] . The French company Procedes Roland Pigeon produces PRP FIX that, among others, reduces the amount of ammonia and other odorants by about 30%, increases the fertilization value of natural fertilizers and stimulates the growth of microorganisms. It is a mixture of a dozen or so natural components, specially selected to stimulate specific directions of organic matter fermentation occurring in feces, litter, or slurry. It has a beneficial effect on slurry as it improves its consistency and reduces its odor. PRP FIX works by stimulating the oxygen microorganisms present in a given environment. By applying this product, undesirable microorganisms are not introduced. As a result, organic matter is transformed into humus. This protects the organic components from 
MATERIAL AND RESEARCH METHODS
The field vegetation experiment was conducted in 2011-2013 at The Experimental Station of Plant Varieties Protection in Szczecin Dąbie and aimed at evaluating the impact of slurry with and without addition of increasing PRP FIX preparation doses on some soil fertility indicators.
The soil under the experiment is qualified as shallow mineral one on loose sand of weak rye complex and quality classes from IV a to VI. Prior to the experiment, three average soil samples were collected from the arable layer (0-20 cm). Chemical analyses revealed that the soil was characterized by slightly acidic reaction (pH KCl 5.95), while total nitrogen, phosphorus, and potassium contents amounted respectively to 0. The soil samples were collected after test plants harvest. Soil material was subject to determinations of macronutrients in average samples from four replicates for every fertilization object. Average soil samples were subject to chemical analyses in three replicates. Nitrogen, carbon, and sulfur contents were determined using CNS elemental analyzer (Coestech), the available forms of phosphorus and potassium -EgnerRiehm method, available magnesium -according to PN-R-04024, total phosphorus -according to PN-98/C-04537-14, total potassium and calcium -flame photometry, total magnesium -AAS technique according to PN-EN ISO 11212 and PN-EN ISO 11212-4 using spectrometer (Perkin Elmer AAS 300). The stock solution for determinations of total contents of macronutrients was prepared by means of the soil wet digestion in the mixture of nitric (V) with perchloric (VII) acids at 1:1 ratio according to PN-ISO 11466 and PN-ISO 11047, the pH value -potentiometry in 1 mol•dm -3 KCl according to PN-75/C-04540/05/01.
Results of macronutrients contents in the test soil were subject to statistical processing. The two-factor variance analysis for split-block pattern was used. The confidence intervals were determined for p = 0.05 applying Tukey test. Data on chemical properties of PRP FIX preparation indicate that calcium is its main component, then magnesium and sodium (Table 2) . Although it also contains potassium, sulfur, and nitrogen, yet at small amounts. The tested preparation is produced using natural fossils, therefore, it contains microelements and heavy metals, the concentrations of which are low enough not to pose any harm for soils.
RESULTS AND DISCUSSION
Value of pH KCl , carbon, nitrogen, phosphorus, potassium, magnesium, calcium, and sulfur as well as plant-available forms of phosphorus, potassium, magnesium, and sulfate contents in the soil after experiment completion, were higher than before the establishment in 2011.
Value of pH KCl in the soil after experiments was higher in series I without additional mineral nutrition as compared to complementary use of phosphorus and potassium fertilizers (series II). Additional phosphorus-potassium nutrition (PK) decreased the value of pH KCl in soil, which was associated with acidifying influence of these fertilizers [Krzywy 2005 ]. Lower pH KCl values were recorded in objects with slurry treated with 12 kg PRP FIX. These values were significantly higher comparing to objects without fertilization, with additional PK nutrition, and with slurry without PRP FIX preparation treatment ( Table 3) .
Analysis of the impact of slurry with PRP FIX at the amount of 8 kg per 1 m 3 both for series with and without complementary PK nutrition (series I and II) revealed an increase in nitrogen content in the soil after spring wheat and potato harvest between objects 5 and 100 respectively by 9.37% and 5.80% (Table 4 ). The largest increase in the * Explanation of fertilisation objects -experimental series I: 1 -mineral fertilisers corresponding to a slurry dose, 2 -slurry without PRP Fix, 3 -slurry + 4 kg PRP Fix, 4 -slurry + 8 kg PRP Fix, 5 -slurry + 12 kg PRP Fix; experimental series II: 6 -mineral fertilisers corresponding to a slurry dose with additional PK fertilisation, 7 -slurry without PRP Fix + PK, 8 -slurry+ 4 kg PRP Fix + PK, 9 -slurry + 8 kg PRP Fix + PK, 10 -slurry + 12 kg PRP Fix + PK. nitrogen content in soil after test plants harvest was recorded between object 1 (exclusively mineral fertilization) and 10 (slurry + 12 kg PRP FIX + PK), respectively by 16.7% and 21.3%. The results indicate that the applied PK nutrition along with PRP FIX in series II contributed to the nitrogen amount increase in the soil after test plants harvest by 4.25% and 3.10%, respectively. The increase in nitrogen concentration between series I and II was negligible. The applied fertilization systems had no influence on the increase or decrease in nitrogen content in the soil.
The PRP FIX preparation added into the slurry at the amount of 8 kg per 1 m 3 both in the series with and without additional PK nutrition (series I and II) contributed to the increase in the organic carbon concentration in soil after wheat and potato harvest (Table 4 ). The largest increase in this parameter was recorded between object 1 (mineral fertilization only) and 10 (slurry + 12 kg PRP FIX + PK) by 23.6% and 11.5%, respectively. The results indicate that the applied PK nutrition along with PRP FIX in series II affected the increase in organic carbon content in the soil after wheat harvest by 4.46% as compared to the series I. Average organic carbon content increase between series I and II was low and oscillated from 0.8 to 4.46%. The applied fertilization systems did not influence the increase or decrease in organic carbon concentration in the soil. The use of slurry caused the increase in nitrogen and organic carbon contents in the studied soil. Similar results have been reported by Mazur and Sądej [1989] , Sieradzki [2006] .
The largest increase in phosphorus concentration was achieved in the soil after wheat and potato harvest between fertilization objects 1 and 10, respectively by 20.4% and 18.1% (Table 5) . When comparing both study series, it was found that additional PK nutrition along with PRP FIX contributed to the phosphorus content increase in soil after test plants harvest, respectively by 7.50% and 8.58%. Average increase in phosphorus concentration in soil amounted to 7.10% and 9.67% in relation to the values before experiment establishment. The results indicate that objects with slurry along with PRP FIX in series I and II (fertilization objects 3, 4, 5, 8, 9, and 10) revealed an increase in potassium content in the soil after experiment completion as referenced to object 1, in which mineral fertilizers were applied at rates corresponding to the slurry dose used ( Table 5 ). The slurry introduced along with PRP FIX at the amount of 12 kg per m 3 in series with and without complementary PK nutrition (series II) resulted in the largest increase in potassium content in the soil as compared to the initial value, respectively by 9.62% and 10.0%. The increase in this element concentration in the soil between objects 1 and 10 amounted respectively to 8.82% and 8.39%. The applied slurry and PK mineral fertilizers treatment contributed to the increase in phosphorus and po- Table 3 tassium levels in the soil after test plants harvest, which was confirmed in studies performed by Kwaśny [2011] , Mazur and Maćkowiak [1978] .
*Explanation of fertilisation objects is given under
The largest magnesium increase was observed in the soil after wheat harvest (0.92 g•kg (Table 5 ). When comparing the series I with II, it is obvious that complementary PK nutrition along with PRP FIX resulted in an increase in magnesium content in soil both after wheat and potato tubers harvest, respectively by 24.4% and 17.6% as compared to object 6. The increase in magnesium concentration after test plants harvest was achieved in series I and II by 15.4% and 26.1% in relation to levels before the experiment had begun. Likewise phosphorus and potassium, the largest magnesium concentration increase in the soil after experiment completion was recorded in objects with slurry and PRP FIX at quantities of 8 and 12 kg per m 3 in both series of study (objects 4, 5, 9, and 10), while the smallest in object 1 ( Table 5 ).
The analysis of the achieved results referring to fertilization objects with slurry along with PRP FIX applied in both series (objects 3, 4, 5, 8, 9, and 10) has shown that calcium concentration increased in the soil after test plants harvest, as compared to object 1 ( Table 6 ). The slurry used with PRP FIX at the amount of 12 kg per m 3 in series without and with complementary PK nutrition caused the increase in calcium level in soils in all fertilization objects where potato was grown, comparing with objects 1 and 6 as well as values before experiment setting, respectively by 13.0%, 14.7%, and 15.9%. The results indicate that there was an increase in the content of calcium in soil between both study series after test plants harvest.
The study results achieved in the fertilization objects where slurry along with PRP FIX was used in series I and II indicate the increase in sulfur content in the soil after wheat and potato harvest, respectively by 7.69% and 16.0% as compared to object 1 ( Table 6 ). The applied slurry with PRP FIX preparation at the doses of 8 and 12 kg per m 3 in series with and without additional PK nutrition (series I and II) caused an increase in sulfur concentration in the soil of objects 4, 5, 9, and 10. The largest increase in the element level was recorded in the soil after potato harvest, which amounted to 0.41 g•kg -1 d.m. (object 10). Sulfur concentration in soil was higher by 13.9% in reference to the object with PRP FIX applied at the rate of 8 kg per 1 m 3 of slurry, and when compared to the level before experiment setting -by 64%. A moderate increase in sulfur content referred to series I and II in the soil was 14% and 26%, respectively.
Significantly less plant-available forms of phosphorus, potassium, magnesium, and sulfate in the soil were determined in the following fertilization objects: without fertilization, with PK * Explanation of fertilisation objects is given under Table 3 nutrition, and with slurry yet without PRP FIX addition (Table 7, 8) . Referring both to series with and without complementary PK fertilization, the largest amounts of available forms of phosphorus, potassium, magnesium, and sulfates were found in the soil from objects where slurry was applied along with 8 and 12 kg per m 3 of PRP FIX preparation. However, differences in these parameters between the above objects were not always significant. In series II with additional mineral PK nutrition, the content of plant-available macronutrients forms in the soil after test plants harvest, in general it increased as compared to series I, that was used without complementary PK fertilization. Evaluation of average contents of available components in the soil applied by ChemicalAgricultural Stations by means of the number of border, it was recorded that phosphorus and potassium concentrations were at moderate levels in fertilization objects in series I and II, which indicates that no change in the soil abundance class was observed. Meanwhile, available magnesium content in the soil indicated its average abundance class. Considering the available magnesium form content, the soil class has changed from average to high due to the fertilization applied.
Taking into account the study results achieved by Krzywy [2005] and Maćkowiak [2000] characterizing some soil properties depending on macronutrients contents, it can be concluded that fertilization using slurry and PK mineral fertilizers with increasing doses of PRP FIX preparation did not adversely affect the natural environment.
CONCLUSIONS
1. The largest quantities of organic carbon, total nitrogen, phosphorus, potassium, magnesium, calcium, and plant-available forms of phosphorus, potassium, magnesium, and sulfates were found in the soil from objects where slurry was combined with 8 or 12 kg per 1 m 3 of PRP FIX preparation.
2. Additional PK nutrition (series II) caused the increase in organic carbon as well as total nitrogen, phosphorus, and potassium contents in soil, not having any significant impact on the differentiation in magnesium, calcium, and sulfur, as well as plant-available forms of phosphorus, potassium, magnesium, and sulfates.
3. Addition of PRP FIX into the slurry optimally improved the soil fertility indicators. From a practical point of view, as well as taking costs into account, a dose of 8 kg of PRP FIX preparation should be added to 1 m 3 of slurry.
4. Fertilization applied in series I and II contributed to the change the soil quality class from moderately to highly abundant in available magnesium.
5. The study results indicate the possibility of applying the slurry in combination with PRP FIX and additional PK nutrition for soils and plants fertilization with no risk of their negative effects on crop yields and environmental pollution. Table 3 
*Explanation of fertilisation objects is given under

